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CLAIMS 

1. Microcapsules or .icroballoons of .icronlc or sub- 
-icronic size bounded by a poly.er membrane filled witu air or a 

^« m tbe form of 3 u ap en 3 lo„ 3 ln a liquld 
earner. to be administered to bu.an or ani.al patients for 
tberapeu tic or diagnostic applications, e.g. for tbe purpose of 
ultrasonic ecbograpby imaging, cbaracter ised in tbat tbe polymer 
of tbe membrane is a deformable and resilient interf acially 
deposited poly.er. 

i„ ta ,!' , A , lr ° r " lled ■ lcro,,allo °« "ounded by an elastic 

l«er,aclal polyaerlc «»r M . adapted to for, .ith suitable 
pnyaio oglcally acceptable agueoua carrier ai , uld . suspensions 
to be taten orally _ „ ctally ^ urethrally ^ lnJectatie 

living organises for therapeutic or diagnostic purposes 
characterised In being non-coa!escent cry and Instantly draper! 
alble by ad.lxlng with said llguld carrier. 

tbe l',^ " mbaUM " " Clal " 1 •* * —"9 «*e .oatly in 
tbe 0.5 - 10 „. r , ng e suitable for Injection Into tbe blood- 
stream of li.mg belng3 , characterised In tbat tbe .e.brane 
poly.er is biodegradable and tbe .e.brane Is either ..pervious 
or contains pores per.eable to bloactlve llgulds for Increasing 
tbe rate of blodegradation . 

4. Tbe .icroballoons of claim 3, ln vhlch the 

bundT 3 POr ° 3ity ranglng fr ° a 3 fCV ™ters to several 

bundreda or tbousands of nanometers, preferably 50-2000 n« 

S Tbe .icroballoons of claim 3, m vblcb tbe membrane is 

vari 3 ati C 0 ^ * tftlCkn « 3 °* "-500 and resists pressure 

variations produced by beart beat pulsations in tbe blood- 
*treaa . 

6. Tbe .icroballoons of claim 3. in vblcb tbe polymer of 
t*e .embrane is a biodegradable polymer selected from poly- 

a a nd CCh trr 3 ' POlya * ln0 - aCi < 3 < Polylactides and polygiy C01 J e3 
and tbeir copolymers. copolymers of lactides and lactones 
Polypeptides. poly- (ortbo)esters . polydloxanone . poly^-aml^ 
acryiatesr lyPh ° SPhaZene3 ' P ° lyan * ydr ldes and poly C alley 1 -cyano- 
7. Tbe .icroballoons of claim 3. i„ vblcb tbe membrane 
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polymer is select d from polyglutamic or polyaspartic acid 
derivatives and ttxeir copolymers with other amino-aclds. 

8. The mlcrobalioons of claim 7, in which the polyglutamic 
and polyaspartic acid derivatives are selected from esters and 
amides involving the carhoxylated side function thereof, said 
side functions having formulae 

-(CH 2 ) n C00-CHR 1 C00R (I) , or 

-(CH 2 ) n COOR 1 R 2 -0-C0R (II) , or 



-(CH 2 ) n C0(MH-CHX-C0) B MHCH(C00H)-(CH 2 ) p C00H (III) . 

In which R is an alkyl or aryl substltuent; R 1 and R 2 are H or 
lower alkyls, or R and R 1 are connected together hy a 
substituted or unsubsti tuted linking member to form a 5- or 6- 
membered ring; n Is 1 or 2; p is 1, 2 or 3 ; m is an integer from 
1 to 5 and X is a side chain of an aminoacid residue. 

9. The mlcrobalioons of claim 3, in which the membrane 
polymer contains additives to control the degree of elasticity, 
and the size and density of the pores for permeability control. 

10. The mlcrobalioons of claim 9, in which said additives 
include plasticlzers, amphipatlc substances and hydrophobic 
compounds . 

11. The mlcrobalioons of claim 10, in which the plastlci- 
e rs Include isopropyl myristate, glyceryl monostearate and the 
like to control flexibility, the amphipatlc substances include 
surfactants and phospholipids like the lecithins to control per- 
meability by increasing porosity and the hydrophobic compounds 
include high molecular weight hydrocarbon like the paraffin- 
waxes to reduce porosity. 

12. The mlcrobalioons of claim 10, in which the additives 
Include polymers of low molecular weight, e.g. in the range of 
1000 to 15.000, to control softness and resiliency of the 
mlcroballoon m mbrane. 

13. The mlcrobalioons of claim 12, in which th low 
molecular w ight polymer additives are selected from poiylacti- 
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des, polygiycolidea, polyalkvipn. 

»o^. M1 . ln the , 19M ": " not 

91«1 ll,ulda. "P 8 " 1 """ to blolo- 

1S. Toe alcroballoona of clala 14 ,„ .k,„ k 
a.l.ct.d trom polyoleflna. y "-J° " ICh , " S P ° 15 '"" " 

oon-bydrolyaable polveat.r, P ° 1 * ,cr 3' 1 "". polyacrylonltrlle. 

7 yaable polyeatera. polyurethanea and polyuraaa. 

..»-../«. tbla beln g acaMe ,o r a pJlod „=. dI . 

i7. a method for makino air «^ n ' 
"able aa euapenalone l n a ca„ ^ ' 

uretbral application, „ « * OI " ° ral ' rectal and 

p-e u io ::t^L^tr:rarr: ph - e into - — 

oll-ln-.ater e.ulalon In n^™*?™*" 1 ' ^ " " 

(2) adding to said eaulslon a ao i U M rt „ ~* 

,,. ' 11 ,or » around aald droplets- 

(3) avaporatlng aald volatile aolvent ao that -„ 

-"I depoalt by lnterlacl.1 precipitin POly " er 
tben for . beada vitn c of " '"T * r ° Ple " 
ne.paul.ted by a .e.bran. " h " dro P B ° 61 = P*«« 

auapenalon In aald .ater pb.ae " ' ^ 6 "»« l0 

conditio n a au a b a :: ti :Lraa d i: uspension to rMuc " pre "-" 

reeoved by ZZ.lTol ^"pboblc pbaae be 

"at iTa".?;"" " » "'acted « 

«o.i„ dl , per31Ble - ^ - 

The aethod of clala 17 

' 17 ' ln »hicn said polyaer is 
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dissolved in said hydrophobic phase. so that steps (2) and (3) 
can be omitted and the polymer membrane will form by interfacial 
precipitation during step (4). 

19. The method of claim 17. characterized in that evapora- 
tion of said hydrophobic phase in step (4) is performed at a 
temperature where the partial vapour pressure of said hydro- 
phobic phase is of the same order as that of water vapour. 

20. The method of claim 17, in which said evaporation of 
step (4 ) is carried out under f reeze-drying conditions. 

21. The method of claim 17, in which f reeze-drying i 3 
ffected at temperatures of from -40 a C to 0°C. 

22. The method of claims 17 or 9, in which the hydrophobic 
Phase i 3 selected from organic compounds having a vapour 
pressure of about 1 Torr at a temperature comprised m the 
interval of about -40°C to 0°C. 

23. The method of claims 17 or 18, in which the aqueous 
phase comprises, dissolved, from about 1 to 20X by weight of 
stabilizers comprising hydrophllic compound selected from 
sugars. pva, P vp, gelatin, starcb, dextran, polydextrose, 
albumin and the lilce. 

24. The method of claim la. m which additives to control 
the degree of permeability of the microballoons membrane are 
added to the hydrophobic phase, the rate of blodegradabil ity of 
the polymer after injecting the microballoons into living 
organisms being a function of said degree of permeability. 

25. The method of claim 24, m which the said additives 
include hydrophobic solids like fats, waxes and high molecular 
v ight hydrocarbons, the presence of which in the membrane 
Polymer of the microballoons will reduce permeability toward 
aqueous liquids. 

26. The method of claim 24, m which the said additives 
include amphipatic compounds like the phospholipids, or low 
molecular weight polymers, the presence of which in the membrane 
polymer will increase permeability of the microballoons to 
aqueous liquids. 

27. The method of claim 18, m which tbe hydrophobic phase 
subjected to e.ulslf icatlon m said water phase also contains a 
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water-soluble solvent which, upon being diluted into said water 
phase during emulslf icat ion, will aid in reducing the size of 
droplets and induce interfacial precipitation of the polymer 
before step (4) is carried out. 

28. A Method for Making air or gas filled microbal loons 
usable as suspensions in a carrier liquid for oral, rectal and 
urethral applications, or for injections into living organises, 
this aethod comprising the steps of: 

(1) emulsifying a hydrophobic organic phase into a water 
phase so as to obtain droplets of said hydrophobic organic phase 
as an oil-in-water emulsion in said water phase, said organic 
phase containing, dissolved therein, one or more water-insoluble 
polymers ; 

(2) subjecting said emulsion to reduced pressure under 
conditions such that said hydrophobic phase be removed by 

vaporation, whereby the polymer dissolved in the droplets will 
deposit interf acially and form a polymer bounding membrane, the 
droplets being simultaneously converted to microbal loons , 

characterized in that said hydrophobic phase is selected so 
that in step (2) it evaporates "substantial ly simultaneously with 
the water phase and, upon evaporation, is replaced by air or 
gas, whereby the microbal loons obtained are in dry, free flowing 
and readily dispersible form. 

29. The method of claim 28, in which the hydrophobic 
polymer solution phase subjected to emulsif icat ion in said water 
phase also contains a water-soluble solvent which, upon being 
diluted into said water phase during emulsif icat ion, will aid in 
reducing the size of droplets and induce interfacial precipita- 
tions of the polymer before step (2) is carried out. 

30. The method of claim 28, m which said organic hydro- 
phobic phase emulsified in step (1) contains no polymer 
dissolved therein, and before carrying through step (2), the 
following additional steps are performed: 

(la) adding to said emulsion a solution of at least one 
polymer in a volatile solvent insoluble in the water phase, so 
that a layer of said polymer will form around said droplets; 

(lb) evaporating said volatile solv nt so that the polymer 
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will d posit by lnterfaclal precipitation ar una the droplets, 
thus forming aicroballoons or beads vltb a core of said 
hydrophobic phase encapsulated by a aeabrane of said polyaer, 
said beads being In suspension in said water phase, vbereby m 
step ( 2 ) evaporation of said hydrophobic phase takes place 
through said aeabrane and provides it vlth substantial aicro- 
poroslty. 

31. An injectable aqueous suspension of aicroballoons 
containing 10 8 -10 10 vesicles/ai bounded by a aeabrane of 
Interfacially precipitated DL-lactide polyaer defined by the 
coaaerclal nane of Resoaer. 



